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#ith the rapis inausirialization =f ¥mgary, the problem of water supply
assumes increasingly zreat proportings, arch Do water and the installatisg
of watear supply 1acriitles presert nee prohisms, The aemand for watar; dboth for
human an? industrisl wplion, inerunsies datly and froquently compels official
agencles t~ fac: -novmously GLFfdcult provlems,  Jdoey jreoblems wers eapecislly
encountereld in attemphing to asiur: an adequat: water supply for indua*rlal plants
in mountainius regions whers arte-fan =113 ~ou)® pop La 1r{lled. In scme ploces,
sc-¢callsd karst water wu: baea ottainel fiem Limest-as and Aclomite rocka.
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topography into the karst type. The dsplo o0 harat welis #1530 differs greatly
and, due to the lack of equilibrating cendinions, th: wells in this r~gion alsn
shov lmmediate rssponse to precipitaticon. Aft:r an unusually abundant supply of
water in the spring, the volume diminisiess rapid,v Guring the summer mont}s.

The Bukk Mountains in Borsod County present a sucilerly complicated geologi-
cal structure and the karst water lsvel 1s nob cniform in this region. Almost

every limestone mass bas 1ts own karst wat<- lavel. Tre levels of the wells in
this reglor vary from 12C 4o 600 metars abov: ihs cea lavel.

Tke limestcne mcuntalns which czontain
more uniform giructurs. Violent processes
topography may neve taken placs in tois lime : wiich nas a very great

depth. It is poreidle ~mat e: :stensive int
been formed in this ares, including tre Jasv
220 meters,

on of karst water may pave
Welll atoap »ltitude of 210 to

The temperaturs of rarst well:s varis:z ip genzral wrtvien 10 and 1h degrees
centigrade. Ths ~-mperatuwr: may he T artsfycially sxpraed water at greater
depths, as for axample : iy 25 well as along the
princlpal lan: of f 2. Taus, tte was e UotageToked minss has a
temperature of 15 ©: 1§ degrees cantig: B 1€ te 23 degrees cantlgrade;
and in the Fenyes Uil el Tats, 20 lay Tu2 wate: 15 ralatively
nard (caztorat:; ~i*: an avarage 1110 ~f German hardinzss, although
even nigrer valuss 2 Lesr taund,  Fe 1. infraque=t, [n most
places. Following vopr i 115 oloomes diluted,
tuat 4o, tone o’
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The principal direction of fiow ls usually fcung fedr toe rcignest point of the - '
mountain where precipitation is heaviest and alse elong naturud drainage lines, i

Dried-out traces cf a rivulet on the face of a cliff, in a stome querry, or 4&

on some other exposure occasionally furnish a ¥2Ty reliable guide and lead to f

important discoveries. For example , whils prospreting for karst water to supply !

tke new waterworks at Heviz, traces of corrzsicn along the wall of a stone quarry -0

led to the location of & source which yields 2,000 liters of fresh water per ﬁ.

minute from a moderate depth., Thie Scurce now supplizs Hungary's largest health Eﬁ

resort with excellent drinking water, Ir ancrrer case, active gelleries in the '

Bukk Mountains were located by sinking a shaft ot +r. site of an 214 dry well. .

This source, which ylelds over 4,000 1iters of water per minute, will assure the i

water supply for one of the important indus-ria; plants of Hungary. T————
Geoelectric prospecting, which is tre mozt nodern nzthod, offers even greater

possibilities. Inv t5 limitations of space, only th: metkods which will most

likely be used 1r- irospecting for karst waetsr wiil be discussed inm this paper.

The simplest and most useful metrod i La24d ep n22suring the electrical
resistance of the subsoil. Tha essential C:aturs of this metnod consists in
leading & current into the subsoil thrcugh twe ale Todes and measuring the
resistance of the soil by varying tre distan-s Ertween the el:ctrodes. The so0il
1s & poor conductor; bence, the current wili arci dswnward and pass through the
lower strata on its ¥iy to the other slactigis t- complete tae circult. The
greater the iistance betwaen the elactrodes, ihe Itepar e the penetration of the
current. Thiy method is used to ragister vthe res w2 of tha desper layers.
The "apparent specific” resistance s reprosint:d ae a funcilon of the distence
=N the grapnic chart. Tha segment of ths :wve whers the rzslstance drops
abruptly indizates the location of the cracis. Rowever, since decreases in
reslatance are often due to other CAuFes, such a: ths presence of netals,
evaluation of the curves must be made by An experfepced hydr:geologist.

It may be noted thet vater in the upper etrata, being a4 that point
relatively fre: of dissolvad substances, o{fors gro2nt.r electrical resistance
than bard water at a greater depth. Therefor:, Yarc witer may be definitely
lccated by this method.

The appended Tigure TEPreBents a covs ' &t
end shows the reaistancs of the moist tupus iay
duct, through which tns water descends, 135 stvwp v
the karst water table my be observed at a Jdepth o9

onuoof the Zirknitz karat basin

LiOUE CBE Upper leval, . karst
< Gepth of S0 meters, while
Teters,

The capacity-difference method enfbles the rzeeavcher to detect the presence
of karst water at a meximum depth of 10 metzrs. . (nig <drn2, the capacitance
of a dipole antenna atteched te an oscilluter {s neasured with respect to the
surface. The antenna is tnen uncourled and tunsd to resonence on a rotating
plate condenser; 1.e., the capacitance differsnce n=cessary %o compensate for
the antenpa is measured. This process is r -peat:i at iiffarent places, alwvays
vith identical an‘enna helghts. Changes in the capdcitance difference permit
conclusions with respest <o the electricel discontinuitics pr=sent in the
subsoil. These dizcontinuities often indicate the procence of karst ducts.
Measurements take: long a single lin= by v stting tso differert maxinme furnish
& clue to the lik=lihood that water is present. A well was sunk at the point of
the larger maximum, with the result that the wat tarrying #allery was actenily
located at a depth of 6 meters. This DYoo anl - reopeated while employing
three differert ante:ne heights and the tmnima wers mhioined in the sams place 1in
cach rase,

.
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In the test used to measure the chang: s saused Ly the subusoil in the electro-
magnetic field, high-frequency transmitters 2xcite & frame antenna. The current. )
induced in the receiver antenna, vwhich is very s0lidly connected with the trans- !
uitting antenna, is rectified by a detector and measured by a galvanometer. The
electrical discontinuities in the subsoil changs the intensity of the electric ﬁ&
field. Experiments with a similar apparatus served to locate & well gellery in &
the Aggtelek cave at a depth of approximately 8 msters. In this instance, = & N

L]
M

100-watt transmitter with a wave length of 50C to 1,000 meters was used.,

!
{
In addition to the electric procéases, certain other processes with the help By i
of which gemma radiations may be observed along deep fault lines, are vorthy of ; :
mention. These processes are important in the searcn for water when fault lines
are covered with recent deposits. According to some esperimental observations,
the extremely strong gemma rays are capzbl- of benetrating a covering layer
several hundred meters thick.

Exploitation of Karst Water

When karst water appears in a naturs} w2ll, technically suitable enclosures
must be built. In building such enclosurss, provision must be made for variations
in the vater yield and for muddying by melting snows. Experience indicates that
the higher a point is above the btese level of srosion, I.e., the valley, the
greater caution must be used in evaluating the weter yvield of a well. The higher
the point of outlet, the greater is the danger trat the yield will diminish or
that the well will run dary altogether.

Among others, the Pokolforras Well at Tata, which used to vield 500 liters
per second, ran dry as a result of lack of Precipitation during the winter seasons.
On the other hand, Tukorforras Well, located 6 meters lower than Pokolforras,
continues to yleld water at an even rate. 4 striring exemple of the unreliobility
of wells on karst water levels is the Zamoly Well, 155 meters ebove the sea level,
ot the southern foot of the Vertes Mountains. Wnile its water yield used to be
as high as 1,000 liters per second under favorabl. precipitation conditions, it
has dried up completely. This resnltsd Crom tha
sank below the threshold of the well, dus tooa
Fenyes Well at Tata is not exposed tc this das
depth of 20 meters below the karst weler falic o it repion.

Prior 1o th: building of ar enclesure ~mwiman Wt
be estimated with a view to providin-
The yleld of some of the karst wells .
norma) vields. 'nfortunately, due to the |

v ri=lds nust, therefore,
rinapge of excess water.
redee # hundredfold  over
ong period, the

correlati~n between precipitetion condis: eid of wells can be

calculated only in extremely rare cascs. =r Congervation Buresu

began recording thi: dats last yeor; howsver, tn. nf the work will not \
be availuble for science and for prectical use | J=2ars,

For the time being, only the depth ¢f <nx w 1) may L compared with the con-
nected levels of the horst wator tebls. o- W surrrises are to be expected
vwhen the Jlevel of the well i3 con ‘raan the harst water table.

In the event ol upproximate correcpend. :

planned 25 to permit the artificial z
of need. Threshoid sinking should Ve e
permanent topping of the well at a o 3 - gir th2 naturzl balance
of the existing water econony. It shonld ritand, of course, that the
threshold can be sur™ only if no water- g LANTE, oueh as shale, is present.

'y measure only, because

directly but may worm
i¥ this e ppens, it is
This method will
t «ftzr the housing kas been

Kars: water does not always burst
1ts way to the surface through the py
advisable 1~ sink the well-enclosing s
prevent the water from escaping through
built,
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A different situatica arises in =Xpeiing and exzleiting karst water wnich is
suspacted to exist at a certain depth. 1In such teses, the search s econducted
by means of drilling or excavation. Drilling is, cf course, the more cconomlcal
method. However, karst drainage ducts, rather thap thke water table itself, will
often be encountered due to the relatively small diameter of even tre largest
drills, For this reason, good luck is needed in drilling. On the other hand,
this disadvantage 1s offset to some extent by the graater depth to which
drilling may penetrate. The vater supply is assu-ed if the drill penetrates
the dome of a cavern below the level of the karst vater table, IF orly narrow
ducts are encountered, these narrow openings may be widened by &acidization, which
serves to increase the water yleld.

The disappearance of the cooling sater of the driil bilow the lavel of the
karst water table is g clue to the existemes of a vatsr-tarrying clesvage., The
absorbing capacity of the bore hole wil, in general, indicate the vater-yielding
capacity, Theoretically, the amount ot karst weter which ean be produced from e
single bore hole is equal to thiz Usorbing capacity. To practice, nowsver, th's
rule epplies cnly when pumping ie carrisi out uander the Jepression which corres-
pends to the height of the top of the water cclume at vest during tke whsorption
test. Therefore, the absorption test nust be wads by peans ¢f a tube with a smell
diameter which will tndicate th: vater level farpesd daring the water inJection.

When karsi water ig explored by means ¢f a staft, the water-carrying gallsries
zay be tapped below the level of the larst witer tabje by liorizontal drifts
These increase th= mechanical erficienty of the fuap urits. The cross section
of & shaft may be either circular or sguare.  Bach kau its edvantages and dissdvan-
tages. The circuler cross sectinn nay Y worke? in freater advantegs, but ia
less economical than the square. In general, tls tircular shaft should be used
in places where the rocks are hard and preqauticrn must be taken ageinst falling
boulders. In excavation by square shafis, ‘n: shaping of corners is time
consuming, but shoring is easier, Unforiunately . g2 2zisls have not as yet
arrived at 2 unanimous opinion with respect to - iniiarl dimersions for well
shafts. However, it is not advisablie = ot U Jddmeasions Jess than 2,40 vy
2.40 meters,

~ The greatest difficulties in cortaction wite drilisd shifts are encounterad
in sinking th:z shaft Yelcw the leve. of ‘%o Zarst veier table. Minute particles
of granulated rock, present in th. WL, vear off 4l congitive bucket wheole
of the centrifugal pamps.  If i {5 poga trate nore than 7 mete-s
below the karst watar table, tuat ig, Leyoni s practieel suction helght, tee
electric pump unit is exposer, to a breakdew: -7&, inoturn, may precipitate a
flood.  There can be no question of wsing a piunger pump uring the drilling
oreration. Various types of pneumatic DPUMES, nowaiere, are rnot affected by water
containing granulated rock and are not Jdamaged even when penetrating below woter.
On the other hand, their disadvantage lies in r.o*vved ndeptability and in thelr
pressure heads, as well as in thelr low dogre: of elviciency.

Llng oporation subsequant to

Serious thought must be glven to lrng-range
the construction werk Censtruction dces nat of greet difficulties when a
sufficient amount of water is obtained 2 g T3t water table,
but still within the suction heightv., i the locatien of
the pump must be selected carefully. Th Wit wadt be placed at a height
where witer cannot reach it. However, 1 tco high, becouse
the required dapre .onditions.

Becangs of the subnormal precipitetion during the lust few years, the
present levels cf ithe Larst weter ‘able ey be considered Jower than normal, sut
et minimal. After winters haviaug heavy precipitation, water levelg 2 to 3 mecers
higher than those revailing at present mav be exrectal. onsequently, the
pumping chamber must be pleced at o point ab least 3 meters highsr than the
present karst water tabla,
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If it is necessary to employ greater depressions, a pump with a long vertical
ax1s may be used. The use of such o pump, howsver, has practical limitations,
due to the length of the axis. If the axis exceeds 1. meters, difficulties arise.
In such installations, the motor is located abcre und <he pmp below the karst
vater table. If a still greater depression is requirsd, it is necessary to add
8 serially connected plunger pump to the pump unit located above the karst water
table or, perhaps, several plunger pumps connected parallel to one another,

LX)

There is still anothar way of installing pump uiits below the karst water
table. This may be accomplished by sealing up with concrete tha section of the
shaft below the karst water table and by pumping th: vater through a valved pipe.
b Hovwever, the increased depth is also subject <o limitations. If, for example,

a depression of 20 meters is required, the shafi bottom plate with dimensions of
2.50 x 2,50 meters will be exposed to a pressura of 125 tons.

For even greater depths, a combined floating punp might be used. The
eseential features of this installation in:lude a floating pump which moves
between guide rails and drives the water in‘o a tasin cut into the side of the
shaft. The water is then driven to the surfa e by & pump of greater capacity,
which 1s solidly mounted in a recess above the Xarsh vater table. To avoid the
use of flexible tubes, the pressure tube of tne Tloating pump must be long enough
to reach the floating height of the pump. The upper part of the pressure tube,
whick also moves between guide rails, is axtari:d torizentally by e length of
pipe. The norizontal extension reachas inte a ~l2svage which 1s cut into the
wall of the shaft and empties above the water basin. Woile the tute is floating,
the cleavege drives the water, which had teen pressed upward, into the basin,
This process seems uneconomical because it involves loss of altitude; hovever,
it will last only until the floating pump draws off the water to the operctional
level. Thereafter, the pump unit rests on ar iron beam, which steadies it during
operation at this level. The stability may be further increased by means of
conic pivots.

If the current is troken, the pumping operatior stops and the floating
punp unit rises to the level of the karst watzr tabl: under the impetuz of the
rising water. A control mechanism should be usad %¢ synzhronize the operation
of the pumps. This can be readily accomplished by making use of the variation
in the woter lzvel of the basin.

It 1s obvinus that all operaticons involving deep dzpr:ssion pumping give

rise to certein technical difficulties. Howaver, <2 demand for lerge quantities
of water may be satisfisd cnly by tapping karst water at great depths.

[Appended figure follows:/
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Diagram of resistance prepared in the Zirknitz karst vater basin.

Ground wobsr

@/ rbanring cruaks R

Lapth i rmeters
o
o

100 200

Apporent resistonce im chmmeters

~-END -~

RESTRICTED

-7 -
[

RESTRICTED

Sanit}zegaopy Approved for Release 2011/10/17 : CIA-RDP80-00809A000700030661-3




